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Abstract

In this paperwepresent quality of service(QoS)ar-
chitectuee for supportingreal-timedatatransmissionn
mobilead hoc networks(MANETS). The QoSarchitec-
ture includesa QoStransportlayer, QoSrouting queue
mangementand a priority MAC protocol. Through
simulations,we find that the QoSarchitectue reduces
padet delay and greatly improvesthe quality of real-
timevideostreamsn MANETS.

1. Introduction

Providing supportfor real-timedatatransmissioris
animportantyet challenginggoal for MANETSs. Much
researcthasbeendonein eachnetwork layerto support
real-timedatatransmission. Variousrouting protocols
have beenproposede.g.,[1] [2]) thateitherprovide ad-
missioncontrol or find a pathwith large enoughband-
width to supporta givenrequest Packet queuemanage-
mentin thelink layerhasbeenpresentedn [3] and[4],
where[3] compareswo differentqueuemanagemerdl-
gorithmsand[4] evaluateshe performanceof different
queueschedulingalgorithmswith the DSR and GPSR
routing protocols.Priority schedulingn the MAC layer
hasbeenstudiedin [5]. While theseprotocolsimprove
thesupportfor real-timedatatransmissionin MANETS,
datacommunicationis theresultof eachnetwork layer’s
effort; thus, the cooperationof all network layersis
neededo provide QoS support. A servicedifferentia-
tion modelhasbeenpresentedn [6], and QoS models
have beendiscussedn [7]. However, thesedesignsare
notcomprehensie enoughto includeall the networking
layers. Therefore,we proposea QoS architecturethat
extendsfrom the applicationlayerto the MAC layerto
supportreal-timedatatransmissionThis QoSarchitec-
tureis describedn thefollowing section.
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Figure 1. QoS architecture.

2. QoSarchitecture

In Figurel, we shawv our proposedoSarchitecture,
which includesall networking layersfrom the applica-
tion layerto the MAC layer. Theboldlinesindicatethe
flow of datapacletsandthe narrown lines indicatethe
flow of control paclets. Eachlayer’s featuresare de-
tailedbelow.

2.1. Application layer

Applications can be catagyorizedinto real-time and
non-real-timeapplicationsbasedon their sensitvity to
pacletdelay Real-timeapplicationshave strict require-
mentson the paclet delay Therefore,paclet retrans-
missionis not allowed. The applicationsthat fit into
this cateyory are on-line live movies andvideo confer
encing. Many video compressiortechnologiessuchas
MPEG-4, H.263, and multiple-descriptioncoding, can
compresyideo with differentcodingratesto meetdif-
ferent channelconditions. In addition, most of these
compressiorschemesave error resiliencefeaturesto
recoverthevideoframe,if somepacletsarelost. Thus,



choosingthe right codingrateto compresghe videois
important,and somereasonablgaclet lossis accept-
able. On the otherhand,for non-real-timeapplications
suchasEmail andFTR, paclet delayis not a big issue,
and paclet delivery is guaranteedy explicit acknawl-
edgementi thetransporiayer. Thenetwork shouldbe
designedo meetthedifferentpacletdelayrequirements
of thesetwo typesof applications.

2.2. Transport layer

UDP and TCP are two transportlayer protocols
widely usedin wired networks. UDP hasno conges-
tion controlschemeo reactto network congestion Ap-
plicationsthatuseUDP astheunderlyingtransportpro-
tocol to transmitpacketscaneasilyoverwhelmthe net-
work with data,which resultsin a considerablemount
of wastedenegy andbandwidthin transmittingpaclets
thatwill bedroppeddueto congestionThereforesome
pre-droppingof UDP pacletsshouldbe investigatedo
reactto congestiori8]. TCP hasaninherentcongestion
controlschemeso congestiorcontrolis not a problem.
However, TCP’s performanceahouldbeoptimizedto ad-
justthe TCPwindow, which requiresfeedbackinforma-
tion from thelower network layers[9]. Thereforesome
informationfrom the paclket queueandtheroutinglayer
shouldbesentto thetransporiayerfor performancep-
timization.

2.3. Network layer

To supportQoS,therouting protocolshouldhave an
embeddedschemesuch as call admissionor adaptve
feedbackhatis designedo supportQoS. At the same
time, non-QoS-aareroutingthatis targetedatfindinga
feasiblepathshouldbe offeredaswell. For QoS-avare
routing, informationaboutthe currentnetwork statusis
provided to the applicationfor performanceoptimiza-
tion. Also, the routing layer shouldget enoughchan-
nelinformationfrom thelower layerssothatthe admis-
sion/adaptieschemeanbeperformedasednthenet-
work status. Therefore two cross-layeidesignsshould
be implementedn QoS-avare routing. Oneis to ob-
tain the network resourceinformation from lower lay-
ers, and the otheris to sendthe network statusto the
applications.To offer QoSto the applicationsyesource
resenationshouldbe incorporated An RSVP-typesig-
naling schemg10] is not desirablen MANETS dueto
its high overhead.Therefore,in-bandandsoft resource
resenation(i.e., besteffort ratherthanguaranteedeser
vations)shouldbedoneduringtheroutediscoseryphase
and during route maintenance.The transmissionghat
occurbetweerthe breakdown of old routesandthe set

up of new routeswill severely affect the QoS provided
by the network. Therefore,some prediction of route
breaksshouldbeincorporatedOverall, QoS-avarerout-
ing shouldhave the following featuresthat traditional
routingdoesnot support:

e obtainresourcanformationfrom lower layers;
o offer bandwidthinformationto applications;
e incorporateesourcgesenationschemesand

e predictroutebreaks.

2.4. Link layer

Thelink layerneeddo discriminatethe differentpri-
ority packetsandschedulgpaclet delivery accordingto
priority levels. The servicedifferentiationshould be
completedn the paclet queuethroughqueuemanage-
mentandin the MAC layerthrougha MAC discrimina-
tor andpriority classifier

Queue Management: The aim of queuemanage-
mentis to schedulghe differentpriority paclets. Real-
time datashouldhave higher priority to be sentto the
channekomparedvith pacletssuchasFTPandEmail.
Thereforereal-timedatawill beputin front of thenon-
real-timedatain the paclet queue. Whenthe network
is congestedthe last paclet in the packet queuewiill
be dropped. Therefore,incorporatingqueuemanage-
mentwill reducethe possibility that real-time paclets
are droppedin the paclet queuewhen the network is
congestedThus,the delayof real-timeapplicationdata
pacletscanbereducedandthe pacletdeliveryratio can
beimproved. Also, the pacletswhosedelayhasalready
exceededhe applicationsrequiremenshouldbe elimi-
natedfrom the paclet queuebeforetransmissiortio saze
thetransmissiorof pacletsthatwill beuselesso there-
ceiver. If differentflows go throughthe samehost, it is
easierto do the priority regulationin the paclet queue
thanin the MAC layer.

MAC Discriminator: Themainfunctionof theMAC
discriminatoris to differentiatedata paclets and con-
trol pacletsthatarrive from the wirelesschannel.Data
pacletsaresentto the network layer; ARP (addresses-
olution protocol)paclketsgoto the queuedirectly; MAC
paclets,suchasthe RTS, CTS,andACK paclketsused
in IEEE 802.11,stayin the MAC layer; andthe band-
width estimationcontrol paclets are sentto the band-
width estimationmodulefor usein the routing layer’s
admission/adapte scheme.

Priority Classifierand Packet Scheduler: To offer
servicedifferentiationin a distributed ad hoc network,
real-time paclets should be grantedhigher priority to



capturethe channel. The priority classifierdifferenti-
atesthe differentdatapacletsthatarrive from the paclet
gqueueanddirectsthe paclet scheduletto schedulethe
pacletdelivery basedn the priority level of the current
paclet.

2.5. Bandwidth estimation

In a distributed ad hoc network, a hosts available
bandwidthis not only decidedby theraw channeband-
width, but also by its neighbors bandwidthusageand
interferencecausedy othersourcesgachof which re-
ducesa hosts availablebandwidthfor transmittingdata.
Therefore,applicationscannotproperly optimize their
coding rate without knowledgeof the statusof the en-
tire network. Thus,bandwidthestimatioris afundamen-
tal functionthatis neededo provide QoSin MANETS.
However, bandwidthestimationis extremely difficult,
becauseachhosthasimpreciseknowledgeof the net-
work statusand links changedynamically Therefore,
an effective bandwidthestimationschemes highly de-
sirable. Bandwidthestimationcan be doneusing vari-
ousmethods;for example,in [1] bandwidthestimation
is a cross-layedesignof the routing and MAC layers,
andin [2], the available bandwidthis estimatedn the
MAC layer andis sentto the routing layer for admis-
sion control. Therefore,bandwidthestimationcan be
performedn sereraldifferentnetwork layers,asshavn
in Figurel.

3. Simulations

We built a simplified network modelto supportreal-
time datatransmissionln thesimplifiednetwork model,
thefollowing designsareincorporated.

e Priority paclet schedulingscheme: The paclets
with highpriority (e.g.,real-timedatapaclets,rout-
ing paclets and ARP paclets) are always put in
front of thenon-real-timedatapaclets. Thepaclets
in thetail of thequeuearedroppedvhencongestion
occurs.

¢ Bandwidth estimation-based)oS-avare routing:
Eachhostperiodicallyestimatests own bandwidth
usewith MAC layerbandwidthestimationandthis
informationis disseminatedo the host’s two-hop
neighborsthrough “Hello” paclets. Each hosts
availablebandwidthis estimatedasedntheband-
width usedby itself as well as eachof its one-
hop and two-hop neighbors. Either an admission
control schemes usedduring route discovery, or
adaptve feedbackis embeddedn the route reply

Table 1. Architectures used in simulations.

Architecture | Routing Queue MAC
No QoS AODV FIFO IEEE802.11
QoSs1 QoS-avare | Priority Queue| IEEE802.11
QoS2 QoS-avare Priority Enhanced
Queue IEEE802.11

paclets. This procedurewhich is an extensionto
AODV, is detailedin [11].

e EnhancedEEE 802.11: AIFS (Arbitration Inter-
frame Space)and differentwindow sizes[5] are
appliedto help high priority paclets capturethe
channel.The MAC layerassignsshorterAIFS and
smallerwindow sizesto real-timedatapaclets.

To testthe performanceof our simple QoSarchitec-
ture,we simulateanad hocnetwork usingthe ns-2sim-
ulator The H.263TMN simulatoris usedto show the
video quality improvementusinga QoSarchitecturan
ad hoc networks. In our simulations,50 static nodes
arerandomlyplacedwithin a 1000m by 1000m area,
andwe simulatetwentydifferentrandomscenariosThe
paclet size usedin our simulationsis 500 bytes and
the raw channelbandwidthis 2 Mbps. Threesource-
destinatiorpairsarerandomlychoserto simultaneously
transmitnon-real-timedatapaclets, and onerandomly
chosermnreal-timedataflow joinsin after10secondsThe
total simulationtimeis 200secondsUDP is usedasthe
underlyingtransportayerprotocolfor boththereal-time
andthenon-real-timestreams.

The three different network architectureshowvn in
Tablel aretested.No QoSusegheregularAODV rout-
ing, a FIFO queue,andthe IEEE 802.11MAC. QoS1
usesQoS-avarerouting with adaptve feedback prior-
ity packetschedulingandthelEEE802.11MAC. QoS2
usesQoS-avarerouting with adaptve feedback prior-
ity packet schedulingandthe IEEE 802.11MAC with
AIFS and smallerwindow sizesfor high priority data
paclets.

All flows initially attemptto sendat the samerate.
Thereal-timeapplicationcanadjustits sendingrateac-
cording to the network statusif QoS-avare routing is
usedandthe available bandwidthinformationis sentto
theapplicationby thecross-layedesign.Figure2 shavs
the real-timedataflow’s delay We canseethat using
QoS-avarerouting and priority queuemanagemente-
ducegheaveragepacletdelay andincorporatingdiffer-
entiatedVAC furtherdecreasethedelay

We randomly chooseone of the twenty scenarios
to testone real-time dataflow andthreenon-real-time
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Figure 2. Real-time data flow’s average packet delay.

Figure 3. Video frame using the QoS2 architecture.

dataflows. The three non-real-timedataflows trans-
mit dataat 80 kpbs, and the real-time applicationbe-
gins to senda video streamat 300 kbps ten seconds
later Usingthe QoS2architectureresultsin the video
framequality shavn in Figure 3; usingthe No QoSar
chitectureresultsin the video frame quality shawvn in
Figure4. Usingadaptve feedbacktheapplicationcom-
presseshevideoaccordingo the network statuswhich
avoids overwhelmingthe network, socongestiorcanbe
avoided. Thereforethe pacletdeliveryrateis increased,
which helpsto improve thevideoquality.

4. Conclusion

We presenta network architecturghatsupportsQoS
in MANETS, andwe simulatea simplifiedversionof this
QosSarchitectureQursimulationresultsshow thatvideo
quality canbe greatlyimproved andaveragepaclet de-
lay canbe significantlydecreasedsingour QoSarchi-
tecture.However, the performancef multiple different
priority streamsasnotbeenpresentedWe will address
thisissuein our futurework.

Figure 4. Video frame using the No QoS architecture.
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